ABSTRACT Antennal morphology, types of sensilla, and their distribution have been investigated in Talponia batesi Heinrich (Lepidoptera: Tortricidae) by using scanning electron and light microscopy. T. batesi antenna is Þliform and segmented in both sexes, consisting of the three usual components: scape, pedicel, and ßagellum. Antennal length was greater in females than in males. Five types of sensilla were identiÞed on the antennae of both sexes: trichodea, chaetica, styloconica, coeloconica, and auricillica. All types of sensilla were present on the ventral side of the antenna, and sensilla coeloconica and auricillica also were found on the dorsal side. The sensilla trichodea were the most numerous sensilla on the antennae. There was sexual dimorphism in the antennae of T. batesi. The male antennae had more trichodea sensilla than female antennae. The sensilla observed in this species also have been reported in other Tortricidae.
The moth Talponia batesi Heinrich (Lepidoptera: Tortricidae), occurs throughout Central and South America (Martṍnez and Godoy 1989) . Two anonaceas species native to the Americas act as hosts for this particular borer: cherimoya, Annona cherimola Miller, and guanabana, Annona muricata L. (Coronado 1965 , Morton 1987 , George and Nissen 1987 , Martṍnez and Godoy 1989 , Undurraga 1989 , Nava et al. 2000 . This moth is active around dusk, the female depositing eggs in the ßowers and fruits of the cherimoya. Newly emerged larvae rapidly bore into the fruit, Þnally reaching the seeds to feed on them. Larvae emerge from the fruit and pupate on the leaves; the emerging adults initiating a new cycle (Castañ eda 1995 , Salgado and Castañ eda 1995 , Castañ eda et al. 1996 .
In Mexico T. batesi has been reported as a cherimoya pest, resulting in losses of 45Ð100% if no control is used (Salgado and Castañ eda 1995 , Rebollar and Nava 1996 , Nava et al. 2000 . Despite being an insect of importance, regarding quarantine, it has been little studied. To date, the only methods of control are the use of chemical insecticides and protecting the fruit with bags (Castañ eda et al. 1998) . The Þrst method is not very effective owing to the cryptic nature of this moth, whereas the second method, although producing good results at the experimental level, has not yet been evaluated for its commercial feasabilty. Thus, there is an urgent need to search for new methods of control. A method that has been efÞcient and compatible with other methods of control of different moth pests is the use of sex pheromones. However, there are no studies on the chemical ecology of this insect. Research on antennal morphology is considered basic to carrying out subsequent electrophysiological and behavioral studies leading to identiÞcation of the T. batesi sex pheromone.
The aim of this study was to investigate antennal morphology of T. batesi. SpeciÞcally, we examined the types, number, and distribution of antennal sensilla in both sexes of this moth.
Materials and Methods

Insects.
A. cherimola fruit infested with T. batesi larvae were collected in Tetela del Volcán, Morelos, Mé xico (18Њ 57Ј 48 Љ N, 99Њ 15Ј 12Љ W; 2,040 m above sea level). In the laboratory, the fruit were placed on a paper bed inside a 1-m-diameter by 50-cm-deep plastic container at 23ЊC, 60% RH, and a natural light photoperiod of 12:12 (L:D) h. The fruit were left until the larvae emerged naturally to pupate on the paper bed. The pupae were separated according to sex, and placed in acrylic 20-by 20-cm cages subject to the conditions described above. Adults aged 24 h were decapitated and the heads were stored in 70% alcohol until required.
Scanning Electron Microscopy (SEM). The antennae of 32 males and 32 females were placed separately in a solution of 70% ethanol and 2% formaldehyde for 24 h. They were washed with 76% ethanol and dehydrated in 80, 90, and 100% (two changes each) ethanol for 1 h each. They were dried at the critical point of CO 2 and goldpalladium coated (20 nm) in a Denton-vacuum desk II ion sputter (Denton Vaccum Inc., Moorestown, NJ).
The specimens were viewed using a TOPCON SM-510 microscope (TopCon Corporation, Tokyo, Japan) at 5 kV (Wall 1978 , Valdéz 1991 . For both sexes, the average length and basal diameter of the external part of each sensillum was calculated from 50 measurements taken on photomicrographs from both antennae of 10 individuals (Faucheux 1991) .
Light Microscopy. The antennae of both sexes were soaked in 10% KOH at 80ЊC until they cleared (Ϸ30 min). They were washed with distilled water at the same temperature and time as described above. The scales were removed using a 60-Hz ultrasonic cleaner (Branson Sonic, Danbury, CT) for 10 s (two to three times), and the antennae were dehydrated in 70 and 100% alcohol for 30 and 60 min, respectively. The antennae were cleared with xylol and mounted in Canada balsam. Observations were made using a Zeiss (Carl Zeiss de Mé xico, D.F., Mé xico) microscope (40ϫ). The sensilla were counted on each ßagellar subsegment of 12 antennae of each sex (Faucheux 1991) . The length of each antenna and the length and width of each ßagellar subsegment were measured with a graduated ocular on 32 antennae of each sex.
Statistical Analysis. All data were analyzed using the t-test with the statistical program SPSS version 10.0 (SPSS Inc., Chicago, IL). For all comparisons between male and female antennae, the level of P ϭ 0.05 was considered signiÞcant.
Results
Antennal Morphology. In both sexes, the antenna of T. batesi was Þliform, segmented, and consisted of the three usual components: scape, pedicel, and ßagellum. The Þrst two components consisted of a single segment each one of them. "Bö hm" bristles were located on the basal part of the pedicel; these structures were spine-like sensilla (Fig. 1a) . The third component, the ßagellum, was spindle-shaped and consisted of many subsegments (34 Ð39 for males and 34 Ð37 for females). A typical ßagellar subsegment was circular in cross section and divided into two main areas, the dorsal and ventral surfaces. The dorsal surface was covered with scales ( Fig. 1b) . The ventral surface possessed all types of sensilla and had the same general organization and pattern of sensory structures in both sexes ( Fig. 1c and  d ). Antennal length was signiÞcantly greater in female than in male antennae (t ϭ Ϫ4.78, df ϭ 62, P ϭ 0.001). The number of subsegments was similar in male and female antennae (t ϭ 1.41, df ϭ 62, P ϭ 0.08). The subsegments were signiÞcantly longer in female than in male antennae (t ϭ 2.1, df ϭ 148, P ϭ 0.01). The width of the subsegments did not differ between sexes (t ϭ 1.34, df ϭ 148, P ϭ 0.09) ( Table 1) . Five types of sensilla were found on the ßagellar subsegments of the antennae of both sexes of T. batesi: trichodea, chaetica, styloconica, coeloconica, and auricillica ( Fig. 1cÐ e) ( Tables 2 and 3) .
Sexual Dimorphism. Sexual dimorphism of antennae was found in the total number of sensilla trichodea (Table 3) . Males had signiÞcantly more of this type of sensilla than females. Other characteristics of sexual dimorphism are presented in Tables 1 and 2 .
Sensilla Trichodea. The sensilla trichodea were the most numerous sensilla on the antennae, being localized on the ventral sensory area of each subsegment and distributed randomly on all subsegments ( Fig. 1c  and d ). The surface of these sensilla showed an annular ridge pattern (Figs. 1d and 2a ). These sensilla were signiÞcantly longer in female than in male antennae (t ϭ Ϫ6.55, df ϭ 98, P ϭ 0.001), but they were signiÞcantly wider in male than in female antennae (t ϭ 3.12, df ϭ 98, P ϭ 0.001) ( Table 2 ). This type of sensilla was more abundant in male than in female antennae (t ϭ 21.79, df ϭ 22, P ϭ 0.001) ( Table 3) . Sensilla Chaetica. Four sensilla chaetica were located on each subsegment, two on the lateral-dorsal part among the scales (Fig. 1b) and two on the ventral side (Figs. 1c and 2d ). On the apical subsegment, there were six sensilla of this type (Figs. 1f and 2c) . Each sensillum was inserted into a socket at the base, was straight, wide at the base, and blunt (rounded) at the distal end. The surface of the sensillum was covered with radial ridges (Fig. 1e) . The length of these sensilla was similar in both sexes (t ϭ Ϫ0.50, df ϭ 98, P ϭ 0.30). However, they were signiÞcantly wider in male than in female antennae (t ϭ 4.37, df ϭ 98, P ϭ 0.001) ( Table 2 ). The total number of these sensilla in both sexes was not statistically signiÞcant (t ϭ Ϫ1.667, df ϭ 22, P ϭ 0.109) ( Table 3) . Sensilla Styloconica. A single sensillum of this type was always found at the upper middle region of each Values comparing sexes within the same row followed by the same letter are not signiÞcantly different (P ϭ 0.05; t-test) . N ϭ 32 antennae in each sex. Values comparing sexes within the same row followed by the same letter are not signiÞcantly different (P ϭ 0.05; t-test) . N ϭ 50 measurements taken from photomicrographs made from 10 individuals per sex.
a Refers to diameter. ßagellar subsegment in both sexes. Each sensillum had one or two peaks in its distal end (Figs. 1d and 2b ). Pores were observed near the peaks (Fig. 2a and c) .
On the apical subsegment, there were three sensilla of this type, two of them joined (Fig. 2c) . These sensilla were signiÞcantly longer in female than in male antennae (t ϭ Ϫ2.04, df ϭ 98, P ϭ 0.02), but were signiÞcantly wider in male than in female antennae (t ϭ 3.12, df ϭ 98, P ϭ 0.001) ( Table 2 ). The total number of these sensilla was similar in both sexes (t ϭ Ϫ0.420, df ϭ 22, P ϭ 0.679) ( Table 3) . Sensilla Coeloconica. On each ßagellar subsegment, three to six of these sensilla were observed in a lineal form on the distal edge of the ventral side (Fig. 2d) . Some sensilla coelocomica also were observed on the dorsal side (covered by scales), but they were distributed in an irregular manner (Fig. 2f) . Each sensillum consisted of a depression surrounded by 16 or 17 cuticular "spines" of different sizes and a pit peg, both with longitudinal striations on their surfaces (Fig. 2e) . Diameter of sensilla coelocomica was signiÞcantly greater in male than in female antennae (t ϭ 2.67, df ϭ 98, P ϭ 0.004) ( Table 2 ). The number of these sensilla was similar in males and females (t ϭ Ϫ1.667, df ϭ 22, P ϭ 0.10) ( Table 3) . Sensilla Auricillica. Between Þve to seven of these sensilla on each ßagellar subsegment were observed at the distal edge on the ventral side of the antenna (Fig.  1c, d , and f), and several were found on the dorsal side of the ßagellar subsegments (Fig. 2f) . These sensilla were shaped similar to a rabbit-ear (Figs. 1c and d and  2f ), and they were signiÞcantly longer in female than in male antennae (t ϭ Ϫ1.84, df ϭ 98, P ϭ 0.03). However, there was no difference in sensilla width according to sex (t ϭ 1.04, df ϭ 98, P ϭ 0.14) ( Table  2 ). The total number of these sensilla in males and females was not statistically signiÞcantly different (t ϭ Ϫ1.667, df ϭ 22, P ϭ 0.109) ( Table 3) .
Discussion
The general morphology of the adult antenna of T. batesi was similar to that found in other Tortricidae species studied, such as Choristoneura fumiferana (Clemens) (Albert and Seabrook 1973) , Cydia nigricana (F.) (Wall 1978) , Grapholita molesta (Busck) (George and Nagy 1984) , and Adoxophyes orana Fisher von Rö sslerstamm (Cuperus 1985) . As in the species cited above, T. batesi scales were present only on the dorsal side of the ßagellar subsegments. Different functions, such as antenna protection (Koh et al. 1995) , contributing to the insectÕs ability to detect stimulus direction (Van der Pers et al. 1980) , and a mechanism to trap and concentrate odorous molecules (Wall 1978) , have been attributed to the scales, but they are not yet proven. The Bö hm bristles observed here were similar to those present in other species of Lepidoptera, such as the pyralids Conogethes punctiferalis (Guené e), Conogethes sp. (Honda and Hanyu 1989) , Ostrinia furnacalis (Guené e) (Jung et al. 1999) , Zamagiria dixolophella Dyar (Castrejó n et al. 2003) , and the noctuid Copitarsia decolora Guené e (ϭconsueta) (Castrejó n et al. 1999) . Different authors have suggested that these sensilla serve a mechanosensitive function (Schneider 1964) or a mechanoreceptor function at the scapeÐpedicel junction (Cuperus 1983).
All Þve types of sensilla we identiÞed in T. batesi also were found in a study of 14 species of Tortricidae (Razowski and Wojtusiak 2004) . They observed an additional type, the sensilla basiconica, in Archips crataeganus (Hü bner), Aethes hartmanniana (Clerck), Cydia pomonella (L.), and Grapholita caecana (Schläger). In T. batesi, the sensilla were observed on the ventral side of the ßagellar subsegments, as in the Razowski and Wojtusiak (2004) report.
Sexual dimorphism was observed in T. batesi. The male antenna has a larger number of trichodea sensilla than in the female antennae. Similar results have been reported in other Tortricidae, such as C. nigricana (Wall 1978) and G. molesta (George and Nagy 1984) . It also has been reported that these sensilla are receptors of female-produced sex pheromones in the tortricid A. orana (den Otter 1977 , den Otter et al. 1978 and in other species of Lepidoptera (Boeckh et al. 1965; Schneider and Steinbrecht 1968; Van der Pers and den Otter 1978; Kaissling 1979; Zacharuk 1985; Grant and OÕConnell 1986 , Hansson et al. 1989 . The sensilla trichodea provide the most likely prospect for studies of single-cell recording to determine whether these sensilla play a major role in the perception of the female-produced pheromone components. Different studies have shown that females possessing these sensilla detect their own sex pheromone and react in different ways, e.g., females of Trichoplusia ni (Hü bner) aggregate to increase the chance of mating (Birch 1977) , females of Heliothis armigera (Hü bner) and Helicoverpa zea Boddie move away from calling females (Saad and Scott 1981) , whereas females of C. fumiferana are stimulated to oviposit (Palanaswamy and Seabrook 1978) . The annular ridges observed on the surface of the sensilla trichodea of T. batesi also were observed in C. nigricana (Wall 1978) and G. molesta (George and Nagy 1984) . However, Razowski and Wojtusiak (2004) reported this sensillum as a simple or longitudinally grooved seta in several species.
Sensilla chaetica observed in T. batesi were similar to those described in other Tortricidae, such as A. crataeganus, Pandemis cerasana (Hü bner), Philodone Values comparing sexes within the same row followed by the same letter are not signiÞcantly different (P ϭ 0.05; t-test). N ϭ 12 antennae per each sex.
gerningana (Denis & Schiffermü ller), Cydia caecana (Schläger) (Razowski and Wojtusiak 2004) , and C. nigricana (Wall 1978) . With respect to the radial ridges observed in the surface of the sensillum, Wall (1978) mentioned that usually in Tortricidae these sensilla have both longitudinal grooves and annulations. Four sensilla chaetica were observed on each subsegment of T. batesi. Similar results were reported in C. nigricana (Wall 1978) . Two of these types of sensilla were observed on the lateral-dorsal part among the scales. Jung et al. (1999) also reported one sensillum chaeticum on the dorsal side (between scales) of O. furnacalis antennae. In the apical subsegment of T. batesi, six chaetica sensilla were observed and some (four to six or more) have been found in the terminal part of antenna in Cnephasia incertana (Treitschke), Bactra furfurana (Haworth) (Razowski and Wojtusiak 2004) , and C. nigricana (Wall 1978) . Sensilla chaetica have been classiÞed as terminal pore sensilla, although in T. batesi it was not possible to observe this pore. In C. fumiferana there was evidence of a pore at the tip of the sensilla chaetica (Albert and Seabrook 1973) . However, in C. nigricana no pore was found (Wall 1978) . In several species of Tortricidae (Razowski and Wojtusiak 2004) and in C. fumiferana (Albert and Seabrook 1973) , a combined mechanoand contact chemoreceptor function has been suggested. Jung et al. (1999) mentioned that due to the position of these sensilla under the scales in O. furnacalis, their functional signiÞcance is not clear.
The sensilla styloconica observed in T. batesi were similar to those found in C. fumiferana (Albert and Seabrook 1973), A. orana (den Otter et al. 1978) , C. nigricana (Wall 1978) , Olethreutes cespitana (Hü bner) (Baker and Chan 1987) , and P. cerasana, C. caecana, and B. furfurana (Razowski and Wojtusiak 2004) . Similar structures were reported in A. orana as cuspiform organs (den Otter et al. 1978) . This type of sensillum was classiÞed as a poreless sensillum in Agrotis segetum (Denis & Schiffermü ller), functioning as a thermoand hygroreceptor (Hallberg 1981) . However, C. nigricana was shown to posses an apical pore and a contact type chemoreception function was assigned to it by Wall (1978) . In T. batesi, a similar function is possible because a pore was observed in this sensillum type. A double peak was observed in the distal part of this sensillum, which to our knowledge has not been reported in other tortricid species.
The exceptional observation of sensilla coeloconica on the dorsal side of the ßagellar subsegments in both sexes of T. batesi has not been reported in other species of Tortricidae. In this study, only one type of sensilla coeloconica was observed, whereas in C. nigricana two types of these sensilla were reported (Wall 1978) . The form and distribution of these sensilla on the distal edge of the ßagellar subsegment of T. batesi also has been reported in other Tortricidae, such as C. fumiferana (Albert and Seabrook 1973) , Argyrotaenia velutinina (Walker) (Callahan 1975) , and in different species studied by Razowski and Wojtusiak (2004) . Several sensilla were observed per segment in both sexes of T. batesi. Similar results were described in C. funiferana (Albert and Seabrook 1973) and Argyrotaenia crataeganus (Hü bner) (Razowski and Wojtusiak 2004) . There was no number variation in these sensilla on the antennae of both sexes of T. batesi, as was noted in C. nigricana (Wall 1978) . It has been shown that these sensilla are olfactory in A. orana (den Otter et al. 1978) and Bombix mori L. (Pophof 1997) , chemoreceptors in Locusta migratoria Reiche & Fairmaire (Boeckh et al. 1965) , and humidity and temperature receptors in a mosquito and a cockroach (Davis and Sokolove 1975, Altner et al. 1977) . However, their ultrastructure suggests they are olfactory receptors, possibly sensitive to volatile plant odors (Van der Pers 1981) .
The sensilla auricillica of T. batesi closely resemble those observed in C. nigricana (Wall 1978 ), A. orana (den Otter et al. 1978 , C. pomonella (Ebbinghaus et al. 1998) , and in most species studied by Razowski and Wojtusiak (2004) . The position of these sensilla on the distal end of each ßagellar subsegment has also been mentioned in C. nigricana (Wall 1978) , in the pyralid Ostrinia nubilalis (Hubner) (Cornford et al. 1973) , and in some Noctuidae (Jefferson et al. 1970) . Although these sensilla have been considered as olfactory receptors for plant volatiles (Boeckh et al. 1965 , den Otter et al. 1978 , Wall 1978 , it has been shown that in C. pomonella (Ebbinghaus et al. 1998) and Eriocrania semipurpurella Stephens (Larsson et al. 2002) that they responded to sex pheromone compounds. The large number of sensilla auricillica, in contrast to the small number of sensilla trichodea in these species, suggests the predominant role of sensilla auricillica as receptors of female sex pheromones, as was suggested by Faucheux (2006) in Lophocorona pediasa Common.
